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This report describes- a preliminary- .made! of an instrisaent designed . ' 
'idv'di^xiB^ a-.adLaslls^ that is,.-tha. 'aiaslle*» . 

orientation.' in apace at any particular Instant. The data, necessary ■ 
for such . a. determination are the sim^taiieora abssrrations of - at ‘ 
tv'. least tws tracMng stations. These- stations provide the azimuth 

v v.- t • and'^ ^Further measurements on the ' yv- ; ; 

developed film provide . the final piece of data*. the angle ;*sM.eh . • ■ 

■ ±he ; imgs-'d^ makes -with the Ver^cal-i^ 

the film. , ’With these three -pieces- of inf ormticnj; namely* the 
m:Lssile f 's^ aaiiEnthj elevation-' and orientation on the photographic 

it ^ possible for a single operator to ascertain': th© - attitude. 

- of a missile" in a. very sho^t time hy use^ of the instrfanent; deserihad 
..-.iill ■:; 1 /--vi'l'-,. /.fi't 1' Viv 1-/ >■ ' ,- \ : 

v . - ■ TEris analogae conptte^'-iiiceBparates .the. ideas- of several: researchers t 
Dr® lohn .Titus: first suggested an instrument using -ta^- angle®-, to- •-... 
Idatssaestfte .•the ; attii?ade> thereto making a scale :model of the. rssnga var- 
'■• necesgaryiv Dr® A» : Bv-v-DeoSber,-. taking ' up . this .. saggestices, ..supposed, the 
. projection s^tea. aaploysd^^ in the instrument- ••Under the ^pes*risi©a 
: -- •••. ' 'of Wt+ A« ' &*-■' DeBBliLi'- ISev Arnold-- Zellner 'comta?uete&' a. p^eli^aiy, •.'-- 

■-, model .which is ■■■described..^ this report® VeJ.nable ssni^tane® 
v - • •• -' %»: I8 p*. W .!*► . Brosm .' 5a the contraction of the model*,- the. 

•.:• • ■::... fol-lGsring reports by - the Optical- Ifeasnresaents Branch*' Ballistic - 

* -. ■ ’■•■'.■ ..aese^shvl^ Aberdeen Proving Grotad» provide^ useful- - 

: :infd«a8|d^r - dMBItos-; - Sly • 1$ 9 21 asad - e£5- Therfir^-toee of these 
. give 'derha£te^ebpdj- "the-:. Optical Stereo Coapatsr-- apd- BeeopSeaip (Oscar) * ' 

■ This- device, alloys astro-cenpasses, a scale model -of -the.. firing 
range and a Mrror's^st^ to determine the sttitisde of a 'sis-silpo 

i - The I last deals with' sse&strersents as&e <m. a 'xmt®£'. of : i-l : 

v"- v -' -rdctets *i- ; .-v- v ; 'v; ■" ' i; v v t^ : v 1 ; - i.il':. 




The: esser&iiil cdnjwpenhs'. of. 'this tu^ruheat. 'are indilcatsd, as follow* 
^:Thptdg ira^-:\HO.* '.Is iV)/' 

: {A)v ; " ito aaiimth circla calibrated: in degrees I op 'mils®':: (by .- 

(B)" v& sedel s&ssile (hero a -<^^a^te)---aQ!m3tdd' on. e ; astro®* 

\ compass* whose, scales supply the model missile's angles; of- 
■ ;v' eiwahiba- - 



v (' ; :v :•> ;■ I • , ' ... i- it 
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Cg) fm (£&sdrmb\ arms* calibrated in degrees as? miXs s Pf 
.. same radius as the. hbrigont^; 

■■■ rsdii are Bmsi^sd -from. crater of addel fed&sdie. 



: . (&) Ifeo projectors m tinted on - the quadrant -arPsis pointed; ■ 

1 toward teemed©! are: 

: - :.:■-■■■ • vdte azrw shaped slit retiQteS'iteich t^ba : s ' 

- about 'the ogrf&qal aads of the promoters- 

\ 1 ■• ; \* \ ' . v v , , ( . 1 / \ » , - \ 

m%-: immm mk'Sfj^rmj.-omAnm . 

|h Tbe .teres- prircip&l features of this: op®^ 'M< 

;: ; -(4) 1M, colter actual I wets® 

■ f ■' :C«B^t±eps. That i$ f instead of ha^g-t^ c^lrot£»' ■ . 
..station leaking up at the jdssila* ttaa^d^lgRaaft* : • 

., .dsK^ded to -hav© the projectors- simulating. ..t&£ cassfas- 
' Slioot beams. of light do®n at tfa© aissile, Them,i& * 

■ adjutages of this. imrsrsios are s^E^iioiigT:. of coaste^tetiou. 

and operation* : ; ' ; ; : .v > 

.. (B) • 2hs iBStrnasait uses oa3^ angles' in its .•• - 

■ ateited%: eliMuating the need for a- sCj^: 

■ ... •':'' facing -range* . For ssams'lBj let tracl&hg oamsa&c to,’ 1 

■ ■ photograph She' jaissile at asimrfch A and elGmttoii 3 a* 

a.-pa^qi^ar -dastaat---- .Similarly,. . i^acki^ caaesa to, 2. . 

, . recc^ds as±mirtn /i^ and elevation S» at tt®' ' 

infoKsation ia.nsuariy a 

■ .fdlsu .--.Qitadrant arm IIo» I of the instrument '.-is »$d 

■ . ■ - A. degases ■ ah. the. horisontal aaiaatfe.-- ■sead.e, end .caatoaarfe : 

” ;. ^aLtfc 2 is -moved to- A* ' degree -.to- tatiraqpc^ tbAtlaef : . - 
aaimntiis of the: tracking eaiasrase . ■ Because of the’ -■■ ■ • 

v imersiicn - of the • system-, 'the koritenial • asaastfeh ' .c&e33» 

: is- eaClibrated: -counter clochgsig® (see photoglyph- %J % ■ . 

\ Ihea. the. projector. exports' are wed .up E~sBd B* 

- : ■ degrees on /their Respective ; quadrant, aw to &&z*mspm& 

■ te the elevations -recorded by •&© .tracMng • qs^as »''' T h^v-’ 

■ -the, two projectors' haye- beast placed along ; tte ..line cf 

. of, the trackbig cameras, .ifee- pfo^ect? - • 

, tMn arrows of li.^t phi'Ch saafe mg7es &*■ with. ..: . 

■ Idnes'. tangezit^ ■"•to.; ,i3aa>' -^tsastejaQEfe firaaaa C-j^te ' 3^iso»i^-- 'X> * - ■ v ‘- - - 



..•*' -®ie ■ t«prs traclfing cagiaca is used' her® to: .-inelude .Both qS^^isiod^^W^ 
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“ are equal to t£ie- fes'fedh^ 

: .the missile qakss with the vertical on ehah of the ' 
fetographie ffes . Tae &rrm' shaped slit reticles ape 
set by means pf se^Qs iBomted on each projector at the 
angles oSf'w C.* tdiixh are: determined fl rah msastsPenients 
. Bade on the films of ticking cameras fe. 1 and 2 ' 

: respectively. .v. : ;':' .' - 

After these Settings hare been made there are iso arrows 
of light crossed at the center' of the model missile* 

. : Each arretr lies in a plane defined' the line cpf -si.^sit 
, frpm/feacMng camera to aiasile and the line ■which is' ' 

: the geoifetrical: Injection of the mssile, lt 's axAs in. the 
iiaage plane* “Eke line of - intersection of these 1» : 

. , planes is the axis ofthe missile. .fe model MsMlb' --■ 

: ®ast nos? be oriented so- that the tso prajectsrl arrays" 
are aliped .parallel to the raissile^s axis with the" * " ■' 
arrowheads pointing in. the gs^e ' direction aslte ^si 4 !© ' 
.head- (see Hiotog^ph'iJoi 2)i -..3his ooBsUbttl^s.'^ final:' 

(;C). .Tfe: if inal adjustment is made by the- obntofts 

of f the modified astec-ccapass* This :p9rt£fcs:.the mo del 
jBissile to. be oriented contrehi^tly. fen' the erret m of 
light, fern both projectors ■■ are' parallel: to: the missiles 
V, a^: thb elevation and. azimuth- of fe/iissils' : aro real - 
; directly from, the asiro^eempass- sc&leso 

.? 4‘ sisals way to view the system: Is -to 'consider • 2AgS± , 

. traveling from the. camera to the' ^siie'-fet4sd : of ' ;&cm- 
the inissils to the cessra* This rtvfeat : ^ 

•••■••:•■ -g^aphio process makes it evident that the modal rolseile- 
• •v:- <?#;be oriented to a unique position' Ini -which both 
z€: light are parallel: to fe axis- of -the missile # ; 
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■-'=:/■■ B'-X BB'M BB— XBBBB'ByB X : : "' ; ■: -i ; : ■;■ ■ V >‘:' : -' V'; 1 ;. ; : ; X.:: 

S - axis Wcftfe } ,; .; v : - ; ' ; '-v v -._ ^ ; . ;' : ; / 

: l m ^ ; ^£eresea to the asiinafefa circle:. 

:■ " $M*- { & -.COS- Sjr-.sia A- cos S„ sin S)s laxit, vector p.Tor-’p 

si ^ at OP " ■.?;>:■ ■; V '. m%.. - ; , ' 

; 1 «. (airt/A* - cos A, o)r xm.it vector ,:, 

V;' : ;.. ■ . horn, 2 ontaj . ; XZ plare; • , V , : -; 

.; ’ *: m - " !rodtor pqppps»diet)aar to $ afcd to'-Sfe# diarc 

... or th£ afis of : the EJissile (as represented W - : t&& ■ 

■ V'..; :\y; ; x;: ... irrfig&rs 1(b)*) ' •■itm;. 

• A *» asimfc3 siting of ara cm, (equal, to tra.ckli«i 

: ; : 'i: ; : static®3 asiaisth Krisaa l80°) ; -"X : -V ■ film 

«-.aBgjte; TM&-..SxB&ge^c& a&keajwitk-: ..;.■,. 

fhe .three ‘equations -s?hich fee^bSred-td' obfeto -value® ■ - ■ 

® ■-■:* J. «*A:w.X . X Vx'M . ;■ . 



m 






h « a- ». eos£j c n. «„■■ o$ : , ' 7 x 21 * a «f It 



.4 S^idificat. 3 :«m of H® P® Hitchcock.^. soltlics* io tliese ' ^aa^-tlrr^j 

;■'. -. • . ‘ .-'Vvi ;iXX’ : V^V^'X «"{%•'; k' ^’;tX ’; X'-'-.'X-':-- , B B’'" f'f: v :*■••. ^- - V' , : *i- .'' x' : i' ■•! ;. V-\ ••‘•',’.y-~i • ’ tv.. ’ "•• /' **■'.’ ;: ’'-_• 

, ; ; ; ::' ; ':x. t; .v.;-^ : dos ; A sis E sirj>'+ sin A cos.ljk ‘mil ; : ;k x;^ : 7 ; ; x.;k-:x 

xi; ,i;" 3% ■** s^: A-' sia E : s5^.^- (^e 4 cog 

X. 1 " ;;:ir( : V ;-»L «-COS E ;Sia,^ 

;'■ Sisdlarly^ ■for tbs' 5 soccad i^o:te(^or ^ n M .-■ j:.: ^..;; : ,v 

r ;^ ; a5 COS A 1 sics E s sfnS 3 ^ sir A 3 
^ " sin A? s±a P sia^’ ^ cpg- A*' oosl^ ; t- : x ; ' :/ 
n 1 “ ** cos E^ slaS . 31 

'..i-C-;':, ' ;i ^- \\ VV ' r'U \V , r V;/'- !; /r'i' .V . t;; Vm '■'. ;'•. .' 

mi Eeport IJoi 6^5 » ^mopsi 3 of Ballistic Hosarren^rbs ■ of ' '%■&*&•*> 
•S* ■ P» Ilitdioo^s ■; AT^ofe^i 'luring C-roiaid s • HarylaM" 
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SlLs prsysnMssr, the cosinsa-of the: axis of 

Reference to ■ the. chosen' coordinate sgrste%. as ia Figure' 2* :•' 



021 “■ S 5 issil 8 ?s:^ axis,.- . 

.35 ■■' « S2i®?stica : of 

A^ : ® 'aslaastli of 3s?isWil3 ; 

P ™. 003 /*■ ■■ -,. : 1 ' : •" ■ " V '..- 



t& the . s^aoricaX i riangle RSIr, tho, sides#* sad- ham Ys&u cslemi, 
To olstaiii:: A, the- hapielh# hCL&s . : 

sin (^O 0, -3T) « cos A cos EL ; 

■ - .: »% cos ^’ Sia (£0-° -^<f). . and L ds& be coap;ited.- 



lEhnsj the, has teen^cailctdat^itf 
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TBgfilXflkL amHAIBj 



Caaegs Bsfea , . Settings cm MAG 

. Azimth: 7: HorlsontaX a&isasfch 

lOLeva^oii Ellsvatioa. g£ ■ ■ 

v ' Bro^&ctor 

Q£&mmt±m Orientation ot 

■7; ©ft; ■■■’■■■ • 



■ Qaadteat' 
Arri Rtf, I 

■■ ' ; ;i “: 270° 



So, 2 



3* Is; 



g 5 ; sf 






gr :^'-330 



■& 



_ « cos ^0 o sin i5° sin 30° * sin 2?0 ° cqs' 30 6 » -.*866. 
s^.^-^270? &j%.i^;sin 30° - cos 2?0° cds ; 3.0°' * -,, 3 *^ 

iSq^ sta&>° sfe 330° * sin X80 o 'cos 330°' ** 403 
z^ “. sin 180® sin- 6©° sin 3D° cos 160° cos 330° 
n|^c sia 330° - ,!j 33 

;•; S ! ,' G p :■ imit vector along-; a^^’^ssiia ; 

fi. •» 3.-5.J ■»Sv J < a i tT7.^ u».-ry.^nCTir • X nj;-«i?uB(f.ewi 1* es>> . <*.•>» ■St.fc.. - ► 

C«ij33K»3^> 






c(i5S5c-i' 

E<-1i33)C-o3SU> - C*866)4 






o> ,920 ■ .. ; v w 




%;-3 i^afe^ 


« .f*62 .« 


% ite 


. f® *44^72 ' - 


pi^V-^V 


; 7 


® '7 ' 1 iT 1 - 1 1IK 





IT«r tte. election of l&e arigsllB E m «■ 90° «*|3. w ^>° : » |$d 7.|7f5 s 0 ■ 
®» to find tfcs astebfe. *g solve lie Clerical triangle ;^ii®iad 
dbctt&r - 7 -•■••'■! ., ^‘ s '7 
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TscanioiL imo mmm. 






cos A ~ sin (90° .683 

/ ,.. ■ ■ ' "' cosTlT '■'*' ■ 

and: 53 

%■ -- a * | ;. *ShQ3& "too. angles describe, 

a « h7° \ orimtaiion tea* attitude) of the 
' ^ftW ► ? •* ’ :■: - ■ sdssil©. in. -space- 



1?V BHte -Jgffi'SOOSliSTPD 

V Tho pcblea calculated above was set. tip on the preJAmsary *aSs 
aodel teice* The rofflilts ueret :■■■■■' ■■ : ’ ” . 



. 3 .; iagasureB^^ 


Asissi&h 
- *~”T 8 f“ V 


1 - Eleratloa 

> > ■ wM 


- --3-i--:;. : ' T€Sst3#s(5t^^ ' ■. ■ 




:- : ’ ■ ' 'ioP" 


.inothar proxies qalculatsd is the 3 as® msmet and . 
■fhc aadel yielded the following result: - 


g£~ 


AaiAss&b .- : - 


Sle^atiea - 3 

■ 3 v W^y: ; 


: -vl;; iy ; 32 


3 •# . t 





Th0. accuracy., indicated by the skeins figures is:’ ^..^od: 
ejected considering_the crude constrouMon of thia : prel&ii^^' 

: 'I& a carefully made Ssetal Ansiru&sst- EteasfeireHsats be 
made to a quarto of a degree*. - She principal :liaiita.ticHa &a 
accuracy of lias , instrtais^n^ in the masur-ssmts afeidx '.ak 
uafe c# the udssils’s orientation on the photographic-. filiE* 
angle 3 , cailad 6 aboTC, t dll be paf^-cular3y dif fieuli to sssisar®- 
shonld ihe cszaera bappsrio photogrsph ths sdssxle either S^fa^-on 
m taldrcaa* ■• ifie second ease is the sspre ij i m ty to- occur, IV 
cvercoa® this difficulty the: final spade! should have axrcm s&eed 
Ais; Flgtn’'®: 3{<3'5 * Further $ the ends of the.; laods.’I fissile sho&Sct. 
appea?*- as-GStcisEL in 3^b3> ■■ ;T- vl; - 



M 







Figure 3 
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^ .cn.tiie end of the msstle indioate ona- degree 

todat^m froa the exact head-on ar tall-on ' Sa 

the evsat that csie station has a head»<m or tatl«ocn i^ge7 
oi^i©3? * 3 do.’fcs; WQt£Ldl :l gKng»is ■ 

W PSSfiM : closer attrition to ■ the arras? of light cetjdjsg ^ 
the: projector corresponding to the latter statioh. mis' - 
aw»: is lined up parallel to., the axis ofthe jaisaile ty 
■orienting, the model missile. ■ . Then the iuseracction of the 
center of the second arrow of light tilth circles on t&p ■■' 
Haile'S end. will directly indicate the deviation f^oisi a ■ 
head-on or tail«-on orientation* 



Central p&rtim 
pfvarrw " \ ; Yv 
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' Jfp . eonslstencgr with which differs operators have deterMited 
One parallel aligsosant ^rxdxiiea has been very satisfactorr- 
.evm on this-: pr#is&^ models Results of usSa " 

aasaa set -.and the projectors fixsd yielded the 
" results? ' ' • 



Aslsrorth 

5 * 3 ° 

M . 

- JSr- • - ' 



filiation 

s^M- 

>- 31 ° ' - 



l : '--:'. ’ >* a;, - • • • •' J * >-*■ > • • • - v c • ; l\ ■ ■-. ■ ■ ... . v . t •..• •,.' . ••, •■ '•::.■■■ • • ■ .. 

0& the final raoddl 'there ■still, be lines ruled ■©&. the surfaeo 
W 1$&: ^cd© 1 missile, which -,MH serve as a' guide M : - 

•ths p^allel alignsmt. Also, in Urn final modal the imsSM 
IP *>© flspuated oss a sickle rod -to reduce the peskOill&tT of 
having,. » blind” positions m the- anstruaent*. : M 'iSsSs'- 
p^eliMnary' model there are several positions- W® : 
jstjnnt interferes, with the arrows of light obsdng .from the 



fhd ;: nse 'of this analog c^piter instead of 

Soltdsi^of the options results in a ■ Mm daving of at- 



- 10 « 
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Hiotograpih No • 1 - Preliminary Model of the Missile Attitude Computer 









Photograph Ho. 2 - The Missile Attitude Computer in Operation 
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